Executive abilities are supported by the fronto-parietal Multiple Demand (MD) network, yet attempts to link individual behavioral variability to MD activity have yielded contradictory findings. In a large-scale fMRI study (n=140), higher MD responses were strongly associated with better performance on a working memory task and higher IQ. These results pave the way for using individual fMRI measures to link genetic and behavioral variation in health and disease.
Main text
Individuals vary in their executive abilities, which include attention, working memory, inhibitory control, error monitoring, and problem solving, and -in tandem -allow for flexible thought and behavior, the hallmark of our species. Understanding the underlying sources of this inter-individual variation will pave the way for personalized medical diagnosis and treatment, provide an intermediate link between behavioral and genetic variability, as well as yield a deeper understanding of basic cognitive and neural architecture 1, 2 . We therefore here examine the relationship between behavioral variability in executive abilities and neural variability.
A bilateral network of frontal and parietal domain-general brain regions -the multiple demand (MD) system -has been strongly linked to executive functions 3, 4 . This network is active during diverse goal-directed behaviors [5] [6] [7] , and its damage -as a result of stroke, degeneration, or head injury -leads to poorer executive abilities and lower fluid intelligence [8] [9] [10] . Furthermore, aberrant functioning of this network, as measured with fMRI, has been reported in a variety of cognitive and psychiatric disorders 11 . Critically though, the potential usefulness of neural measures of MD activity depends on our ability to link such activity to behavior. 18 , and (4) failure to establish, or even assess, the selectivity of the relationship between MD activity specifically (cf. any other neural measure) and behavior 1, 14 .
To circumvent these limitations and rigorously test the relationship between MD activity and behavior, we conducted a large-scale fMRI study, where participants (n=140) performed a spatial working memory (WM) task that included a harder and an easier condition ( Fig. 1) . We then examined the relationship between the size of the Hard>Easy (H>E) BOLD effect across the MD network (defined functionally in each participant individually 6 ; Fig. 2) , and a) behavioral performance on the task (including in an independent run of data), as well as b) a measure of fluid intelligence (in a subset, n=61). We further evaluated the specificity of this brain-behavior relationship by examining neural activity in another large-scale brain network. For each participant, we computed two behavioral measures (overall accuracies and RTs, averaging across the Hard and Easy conditions), and one neural measure (the size of the H>E effect averaged across the 18 MD fROIs). All three measures were highly stable within individuals as evidenced by high correlations across the two runs of the task (Supp. Part 1 and Supp. Fig. 1-2 ). We used the Hard>Easy effect size for our neural measure (cf. task>fixation) in order to factor out variability due to state/trait differences and thus to hone in on the variability in the MD system's activity given its functional signature of sensitivity to difficulty 6 . The reason for averaging neural responses across MD regions is that the MD network has been shown to be a highly functionally integrated system: the MD regions' time-courses show strong correlations during both rest and task performance [19] [20] [21] [22] . In line with these prior findings, the Hard>Easy effect sizes were strongly correlated across the 18 regions in the current dataset (Supp. Fig. 3 ). Fig. 5 ). However, MD H>E and language S>N responses showed only a weak and non-significant relationship (r=0.12, p=0.14) suggesting that neural activity in the two networks explain largely non-overlapping variance in the IQ scores.
To conclude, across a large set of participants, we observed a robust relationship between neural activity in the domain-general fronto-parietal MD network and behavioral performance on a working memory task performed in the scanner, as well as an independent measure of fluid intelligence. This relationship was, to some degree, selective to the MD network: neural activity in the fronto-temporal language network did not reliably predict WM performance.
A stronger up-regulation of the MD activity with increases in task difficulty (as indexed by larger Hard>Easy effect sizes) -a functional signature of this network 5, 6 -was associated with better behavioral performance and overall higher intelligence. Although these results will be important to generalize to other executive tasks in similarly large samples, the size of the Hard>Easy effect in the MD network appears to be a promising functionally meaningful phenotypic marker that can be used to further probe variability in executive abilities in the healthy population and neurological and psychiatric disorders, as well as to bridge behavioral variability to variability in genes that have been linked to brain development and function. 
Online Methods

Experimental Design
Participants performed a spatial working memory task in a blocked design (Fig. 1) . Each fMRI data preprocessing and first-level analysis fMRI data were analyzed using SPM5 and custom MATLAB scripts. Each subject's data were motion corrected and then normalized into a common brain space (the Montreal Neurological Institute (MNI) template) and resampled into 2mm isotropic voxels. The data were then smoothed with a 4mm Gaussian filter and high-pass filtered (at 200s). The task effects in both the spatial WM task and in the language localizer task were estimated using a General Linear Model (GLM) in which each experimental condition was modeled with a boxcar function (corresponding to a block) convolved with the canonical hemodynamic response function (HRF).
MD fROIs definition and response estimation
To define the MD fROIs, following Fedorenko et al. 6 and Blank et al. 19 , we used eighteen To estimate the fROIs' responses to the Hard and Easy conditions, we used an across-run cross-validation procedure 18 to ensure that the data used to identify the ROIs are independent from the data used to estimate their response magnitudes 29 . To do this, the first run was used to define the fROIs and the second run to estimate the responses. This procedure was then repeated using the second run to define the fROIs and the first run to estimate the responses. 
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